Abstract U-Pb SIMS data on eight samples (four mesosome-leucosome pairs) from migmatites in gneiss complexes are presented from the western part of the Archaean Karelian craton, eastern Finland. Most zircon grains in the mesosomes yield ages between 2.84 Ga and 2.79 Ga, with cores of 2.94 Ga in one sample. Age data imply that migmatite mesosome protoliths were generated at broadly the same time as metamorphosed volcanic rocks in the adjacent Kuhmo-Suomussalmi-Tipasjärvi greenstone belt, suggesting that at least some of the mesosomes may represent migmatised equivalents of the greenstone belt rocks. Two separate events of metamorphic zircon growth are recognised from different samples: the first occurred between 2.84 Ga and 2.81 Ga, and the second between 2.73 Ga and 2.70 Ga. The latter event is considered to have led up to a prolonged period of partial melting, as is suggested by the zircons dated from the leucosomes. Scattered age data, inheritance and the large number of discordant data prevented establishing accurate leucosome generation ages. Consequently, the age data are considered to support the previously proposed hypothesis that the Archaean Karelian craton was formed after accumulation of separate tectonic entities having variable ages.
Introduction
The western part of the Karelian craton is a typical Archaean gneiss-greenstone terrain consisting of linear greenstone belts surrounded by complexes of TTG (tonalite-trondhjemite-granodiorite) gneisses, migmatites and unmigmatised granitoid rocks (Fig. 1) . A variety of formative tectonic environments have been suggested for the greenstone belts. The Kuhmo-Suomussalmi-Tipasjärvi belt (referred to here as the Kuhmo greenstone belt; Fig. 2 ) has been variably attributed to intracontinental rifting (Martin et al., 1984; Luukkonen 1992 Luukkonen , 2001 ), aborted rifting preceded and followed by subduction (Piirainen, 1988) , island arc magmatism (Taipale 1983 (Taipale , 1988 , and back-arc rifting (Gaál & Gorbatschev, 1987) . In addition, Kontinen et al. (2007) have suggested that the Nurmes paragneisses ( Fig. 2) , which are most prominent to the southeast of the Kuhmo greenstone belt, were deposited in a back-arc or intra-arc tectonic setting.
In general, the age relationships between the greenstone belts and the surrounding bedrock are crucial for understanding of the tectonic setting(s) of the granite-greenstone terranes. In the Kuhmo district, the migmatitic TTG gneisses or associated banded amphibolites have been considered as the oldest rocks in the area (cf. Martin et al., 1984; �uukko-nen, 1992) . Previously reported age determinations from the migmatites are based on conventional multigrain U-Pb analyses (�uukkonen, 1985) and wholerock Rb-Sr method (e.g. Martin, 1985) . Of these two methods, the Rb-Sr method has often been shown to give younger ages compared to the U-Pb meth- od (Vaasjoki, 1988; Halliday et al., 1988) ; however, the age relationships determined by both these methods for plutonic phases are fairly similar. Furthermore, multiple zircon growth episodes, which are often reported in Archaean polydeformed terrains (e.g. Whitehouse & Kamber, 2005) , complicate the interpretation of results obtained from the conventional TIMS (thermal ionisation mass spectrometer) UPb method. In order to overcome these technical restrictions, we have performed U-Pb SIMS (secondary ion mass spectrometer) dating on zircons from leucosome-mesosome pairs of migmatites surrounding the Kuhmo greenstone belt.
ate the relationship between the greenstone belt and the surrounding bedrock. Second, by dating zircons from leucosomes, we aim to date the high-grade metamorphism and related melting events, and study their timing with respect to known main magmatic events within the study area.
Geological setting and geochronological background
The Archaean bedrock in the Fennoscandian Shield is commonly divided into three main crustal units: the Kola, Belomorian and Karelian provinces (e.g. Gaál & Gorbatschev, 1987) . The Karelian province (craton) consists of Palaeoarchaean to Neoarchaean greenstone belts, migmatites, TTG gneisses and migmatites, amphibolites and granitoid rocks (e.g. Gaál & Gorbatschev, 1987; Martin, 1987) . The province is bordered by Palaeoproterozoic Svecofennian rocks in the west and Neoarchaean rocks belonging to Belomorian mobile belt in the east (e.g. Evins et al., 2002) . The largest presently known occurrences of Mesoarchaean to Palaeoarchaean rocks are the gneisses exposed in the Vodlozero block in the southeastern part of the Karelian province (�obach-Zhuchenko et al., 1993; Sergeev et al., 1990) and its westernmost part within the Iisalmi and Pudasjärvi blocks (Mutanen & Huhma, 2003) . In the Iisalmi block, the 3.2 -3.1 Ga amphibolite-banded gneisses are considered to have been juxtaposed with the 2.7 -2.8 Ga ortho-and paragneisses as a result of terrane accretion that preceded the granulite facies metamorphic event at 2.70 -2.63 Ga Mänttäri & Hölttä, 2002) . Migmatite protholiths with such old ages are not known from the Kuhmo district; the conventional U-Pb zircon age of 2.84 Ga for a mesosome of a migmatite located in �ylyvaara (A404 in Fig. 2) represents the oldest mesosome age obtained so far.
The numerous linear and discontinuous greenstone belts in the Karelian craton are generally Ntrending, and their ages vary from Mesoarchaean to Neoarchaean (Puchtel et al., 1997; Sorjonen-Ward et al., 1997; Sorjonen-Ward & �uukkonen, 2005) . For This study has two main goals. First, by dating zircons from mesosomes, our purpose is to compare their protolith ages with the ages of granitoid and volcanic rocks of the Kuhmo district, and thereby evalu-example, the felsic volcanic rocks in the Suomussalmi greenstone belt (Fig. 1 ) have yielded reliable U-Pb zircon and monazite ages of ca. 3.0 -2.82 Ga (Huhma et al., 1999; �uukkonen et al., 2002) . Conventional U-Pb zircon ages for the felsic and mafic volcanic rocks in the Kuhmo and Tipasjärvi greenstone belts are between ca. 3.01 -2.79 Ga (Hyppönen, 1983; Vaasjoki et al., 1999; �uuk-konen et al., 2002) . Vaasjoki et al. (1993) reported Vaasjoki et al. (1993) reported (1993) reported a U-Pb age of 2.75 Ga for a meta-andesite sample from the Ilomantsi greenstone belt, which is thus far the youngest volcanic age reported from the Archaean greenstone belts of eastern Finland. A minimum age for the mafic volcanic rocks of the Kuhmo greenstone belt is constrained by a crosscutting quartz diorite dyke dated at 2.74 Ga by using the U-Pb method on zircon and titanite (Hyppönen, 1983) .
Unmigmatised granitoid plutons within and surrounding the greenstone belts in the western part of the Karelian craton, as in the Kuhmo and Ilomantsi areas, have ages between 2.83 Ga and 2.68 Ga. These plutonic rocks appear to show a compositional trend through time from tonalites and trondhjemites varying in age between 2.83 Ga and 2.75 Ga (Hyppönen, 1983; Vaasjoki et al., 1993 Vaasjoki et al., , 1999 Samsonov et al., 2005; Käpyaho et al., 2006) to highMg/Fe granitoid rocks (sanukitoid suites) at 2.74 -2.70 Ga , Halla 2002 , 2005 Käpyaho, 2006) . The youngest Neoarchaean granitoid rocks are leucocratic granites and granodiorites dated between 2.70 Ga and 2.68 Ga (e.g., Käpyaho et al., 2006; �auri et al., 2006) . During Palaeoproterozoic time, the Karelian craton was intruded by 2.44 Ga mafic layered intrusions and A-type granites as well as several swarms of 2.44 -1.96 Ga metadiabase dikes (Vuollo & Huhma, 2005; �auri & Mänttäri, 2002; Vuollo, 1994; Alapieti, 1982) . These magmatic episodes are considered to evidence repeated Palaeoproterozoic rifting of the Archaean craton (e.g. Vuollo & Huhma, 2005) . The western part of the province was variably reworked during the Svecofennian orogeny under greenschist to low amphibolite facies thermal conditions at about 1.9 Ga, causing resetting of K-Ar systematics in Neoarchaean rocks (Kontinen et al., 1992) .
Sample description
Four migmatite mesosome-leucosome pairs were selected for U-Pb SIMS dating from eastern Finland ( Fig. 2 ; Table 1 ). The Myllykynnäs samples (A1815 and A1816) and Päivärinta samples (A79 and A80) are from the western side of the Kuhmo greenstone belt, whereas the �ylyvaara samples (A404 and A405) come from eastern side of the belt. The Jamali samples (A1765 and A1766) are from �ieksa, southeast of the Kuhmo greenstone belt. The �ylyvaara and Päivärinta samples were collected and dated by TIMS multigrain method before the initiation of this study. The U-Pb data for the �ylyvaara migmatite are presented by �uukkonen (1985) and results for the Päivärinta migmatite are briefly summarised by �u-ukkonen et al. (2002) and presented here in Table  2 . All these conventional data are also shown in the concordia plots below. Sample locations are shown in Figure 2. 
A1815 and A1816, Myllykynnäs
The Myllykynnäs migmatite is a stromatic metatexite in which the thickness of individual mesosome and leucosome layers varies between < 1 cm and 20 cm (Fig. 3a) . Mesosome A1815 is medium grained and the main minerals are plagioclase, biotite and quartz. �eucosome A1816 is a pinkish granite comprising fine grained microcline and quartz as the main minerals.
A1765 and A1766, Jamali
The Jamali migmatite is also a stromatic metatexite (Fig. 3b) . The mesosomes show locally faint layering defined by alternating darker and lighter layers. Mesosome A1765 is medium grained; the main minerals are plagioclase, quartz and biotite. Retrograde epidote is common. �eucosome A1766 is medium to coarse grained and the main minerals are plagioclase and quartz. Biotite, retrograde epidote and retrograde muscovite are accessory minerals.
A404 and A405, Lylyvaara
The �ylyvaara migmatite is a polydeformed diatexitic migmatite (Fig. 3c) . Mesosome sample A404 is greyish or dark, medium grained and granoblastic and consists of biotite, hornblende, quartz and plagioclase. �eucosome sample A405 is a leucocratic granite, comprising medium to coarse grained quartz and microcline. More detailed sample descriptions and conventional multigrain data for both mesosome A404 and leucosome A405 are presented by �uukkonen (1985) . The same zircon separates as studied by �uuk-konen (op.cit.) were used in this study; density fraction 4.1 < ρ < 4.6 from mesosome A404 and density fractions ρ < 4.1 and 4.1 < ρ < 4.2 from leucosome A405.
A79 and A80, Päivärinta
The Päivärinta migmatite is a granoblastic, fine to medium grained stromatic metatexite (Fig. 3d) . The thickness of individual mesosome and leucosome layers varies between < 1 cm and 10 cm. The main minerals in the mesosome A79 are plagioclase, quartz, and biotite. �eucosome A80 is a granoblastic, 
Analytical methods
Migmatite samples weighing 5 to 15 kg were sawn, washed, crushed, sieved, and handled with a wet concentrating table or panning. The separation procedure for samples A404 and A405 is described by �uukkonen (1985) . For this study, zircons were separated by using heavy liquids (methylene di-iodide and Clerici® solutions). For SIMS analyses, zircons were hand-picked and mounted in epoxy resin together with chips of zircon standard (91500; Wiedenbeck et al., 1995) . The mounted grains were then sectioned in half and polished. Backscattered electron images (BSE) and cathodoluminesence (C�) imaging were performed in order to assess the internal structures of crystals (Fig. 4) . For selected grains, high spatial resolution U-Th-Pb data were gathered using a Cameca IMS1270 ion microprobe at the Swedish Museum of Natural History, Stockholm (NORDSIM facility). The analytical procedure follows that described by Whitehouse et al. (1999) and Whitehouse and Kamber (2005) . The U/Pb data were calibrated against a 91500 zircon standard (Wiedenbeck et al., 1995) and corrected for background at mass 204.2 and modern common lead (T=0; Stacey & Kramers, 1975) . For conventional multigrain U-Pb analyses the decomposition of zircons and extraction of U and Pb mainly followed the procedure described by Krogh (1973) . U and Pb isotopic ratios were measured using a thermal ionisation multicollector mass spectrometer (TIMS) in the Geological Survey of Finland, Espoo. These analyses were made during 1981 and 1982. Analytical procedures used for the conventional multigrain U-Pb analyses are described in detail by Vaasjoki (2001) .
The SIMS results are reported in Table 1 at 1σ error level; all the errors quoted in the text are at 2σ error level. The age calculations are performed and concordia plots prepared using Isoplot v. 3.00 software of �udwig (2003).
U-Pb age results and interpretation of the ages

Mesosome A1815
The zircons in sample A1815 are mostly transparent, oscillatory zoned, long prisms with rare overgrowths (Fig. 4) . A minority of the grains are metamict. A total of 29 spots, representing 29 grains, were analysed from the sample. Five analyses were ignored due to high discordance and/or low 206 Pb/ 204 Pb (Table 1) . Nineteen of the analyses are concordant, of which 17 analyses define a concordia age of 2803 ± 4 Ma (Fig.  5a ). The five slightly discordant analyses have 207 Pb/ 206 Pb ages between 2810 ± 14 Ma and 2777 ± 10 Ma. The two remaining analyses are from partially metamict (destroyed primary oscillatory zoning?) and oscillatory zoned zircons, respectively. These two analyses define a concordia age of 2739 ± 8 Ma.
Interpretation: The age of 2803 ± 4 Ma is considered to represent the igneous age of the protolith and the two-point age of 2739 ± 8 Ma is assigned to some later event of radiogenic lead-loss or metamorphism.
Leucosome A1816
The zircons in sample A1816 are mainly short, subhedral and reddish prisms. BSE and C� images revealed strong metamict character (Fig. 4) and destruction of primary zoning in most of the zircons. A total of 18 spots, representing 17 grains, were dated. Of the resultant data points only three are concordant at the 2σ error level (Fig. 5b) . One of these three was ignored due to low Interpretation: Based on these data, no reliable age estimate can be made. However, we consider that the concordant ages of ca. 2.70 Ga and 2.68 Ga are probably related to the leucosome formation event.
Mesosome A1765
Most of the zircons are euhedral and transparent long prisms. BSE and C� images reveal oscillatory zoning in most of the grains (Fig. 4) . Some of the grains have very thin homogeneous overgrowths. A total of 20 points, representing 20 grains, were analysed. Twelve of these data are concordant at 2σ error level (Fig. 5c) . Ten of the concordant analyses form a distinct cluster that yields a concordia age of 2792 ± 6 Ma. The two distinct concordant analyses, n1531-10a and n1531-06a, show older 207 Pb/ 206 Pb ages of 2828 ± 10 Ma and 2845 ± 10 Ma, respectively.
Interpretation: Due to the homogeneity of the population, the age of 2792 ± 6 Ma is considered to be the age of the igneous protolith, and the older zircons are attributed to inheritance.
Leucosome A1766
The zircons in leucosome A1766 are mostly transparent, long prisms. In BSE and C� images some of the zircons show oscillatory zoning, whereas most of the zircons are metamict with destroyed zoning structures (Fig. 4) . A total of 25 points, representing 25 grains, were analysed. Six of the analyses were discarded due to high discordance and/or low 206 Pb/ 204 Pb. Eight of the remaining 19 analyses are concordant within 2σ error levels (Fig. 5d ). Concordant and nearly concordant data form two separate clusters and reveal a heterogeneous zircon population within the sample. being similar to the grains in the main age population of the corresponding mesosome (A1765). The youngest concordant and nearly concordant analyses yield 207 Pb/ 206 Pb ages between of ca. 2.68 Ga and 2.71 Ga (Fig. 5d) Interpretation: Grains with ages of ca. 2.78 Ga and 2.84 Ga are considered to have been inherited, and grains with ages of ca. 2.68 Ga and 2.71 Ga are likely to be related to the prolonged leucosome generation event.
Mesosome A404
Morphological descriptions and conventional TIMS data for zircons from sample A404 were previously reported by �uukkonen (1985) . BSE and C� images for this study reveal that zircons in the sample A404 commonly have cores that often are oscillatory zoned and rimmed by weakly zoned or homogeneous overgrowths (Fig. 4) . A total of 14 points, representing 10 grains, were analysed. Two of the core data points show slight reverse discordance (Fig. 6a) . Six of the cores have a calculated concordia age of 2942 ± 6 Ma. Two of the cores yielded significantly younger 207 Pb/ 206 Pb ages of 2833 ± 9 Ma and 2867 ± 15 Ma. A weakly oscillatory zoned zircon (possibly core) yields an age of 2898 ± 10 Ma. All of the four analysed overgrowths have low Th/U. Three of the youngest overgrowths plot in a cluster with a calculated concordia age of 2812 ± 8 Ma, and an older concordant analysis has a 207 Pb/ 206 Pb age of 2839 ± 7 Ma. Interpretation: The age of 2942±6 Ma is considered as the maximum age of the igneous protolith and the overgrowths with low Th/U are considered to register a metamorphic event between 2.84 and 2.81 Ga.
Leucosome A405
C� images of the zircons in the sample A405 reveal relict primary oscillatory zoning within grains that are mostly metamict (Fig. 4) . In C� images zircons are nearly black due to exceptionally high U contents (1333 and 6460 ppm; Fig. 7b ). Thirteen analyses representing 13 grains were analysed. Analyses mostly show reverse discordance (Fig. 6b) Pb ages of the zircons vary between 2739 Ma and 2232 Ma and show a negative correlation with U and U+Th concentrations (Fig. 8 a and b) .
Interpretation: Based on these data no reasonable age estimate for leucosome generation can be presented. A titanite fraction from a granodiorite dike that crosscuts both leucosome (A405) and mesosome (A404) has a slightly discordant 207 Pb/ 206 Pb age of 2662 ± 20 Ma (�uukkonen, 1985 ; which can be considered to constrain the minimum age of the leucosome formation event. Therefore, the younger 207 Pb/ 206 Pb ages (< 2.64 Ga) obtained from zircons cannot be reasonably attributed to any significant tectonothermal episode. The negative correlation of 207 Pb/ 206 Pb ages with U and U+Th concentrations is most probably because of radiogenic Pb-loss at some unspecified but likely relatively ancient time. It is proposed that such Pb-loss of high U zircons does not necessarily require any distinct tectonothermal event, and it could possibly be related to uplift and erosion of the migmatites. The reverse discordance is probably an analytical artefact related to high U zircons affecting the Pb/U calibration (cf. Mc�aren et al., 1994) .
Mesosome A79
The zircons in sample A79 are generally prismatic, subhedral and transparent. BSE and C� images reveal oscillatory zoning in most of the zircons. Some grains have roundish oscillatory zoned cores with weakly zoned or homogeneous overgrowths (Fig. 4) . The multigrain zircon fractions analysed by TIMS are discordant and the analyses exhibit relatively wide scatter in the concordia plot (Fig. 6c) . A total of 26 spots representing 22 grains were analysed by SIMS. One determination, n1644-21b, was ignored due to low 206 Pb/ 204 Pb. Most of the remaining analyses are concordant and the majority of them plot between 2.83 Ga and 2.84 Ga on a concordia diagram (Fig.  6c) Pb ages between 2726 ± 8 Ma and 2698 ± 4 Ma. The Th/U ratios of these zircons vary between 0.25 and < 0.001 which are mostly lower than in the other zircons in the sample.
Interpretation: The igneous protolith is considered to have an age between 2.84 and 2.83 Ga, perhaps even as young as ca. 2.79 Ga. The ca. 2.73 -2.70 Ga overgrowths are most likely related to metamorphism. Table 1 ). Ellipses indicate 2 σ errors.
Leucosome A80
The zircons in sample A80 are prismatic, anhedral or subhedral. Most of the grains are transparent and some grains were coloured with reddish pigment. On BSE and C� images most of the grains reveal weak or no oscillatory zoning. Most of the zircons were partially or totally metamict and some zircons show rim and core structures (Fig. 4) . The multigrain fractions analysed by TIMS are all discordant, and a reference line with an age of 2.76 Ga may be fitted through the four most concordant fractions (reference line not shown in Fig. 6d) . A total of 21 spots, representing 20 zircon grains, were analysed by SIMS. Seven analyses were ignored due to low 206 Pb/ 204 Pb and/or high discordance. Ten of the analyses are concordant within 2σ error levels (Fig. 6d) . The youngest concordant zircons have 206 Pb/ 204 Pb ages between 2670 ± 10 Ma Table 1 ). The conventional U-Pb data for A404 and A405 (black diamonds and white triangles) and titanite (black square) are from Luukkonen (1985) and data for A79 and A80 are from 6. Discussion
Age of migmatisation and its relation to magmatism and high-grade metamorphism in adjacent areas
The zircons analysed in leucosomes frequently have lower Th/U and higher U abundances than those in mesosomes (Fig. 7 a-d ; Table 1 ). The majority of the zircons from leucosomes have U contents in excess of 1000 ppm, with a maximum of up to 13305 ppm (n1532-03a; Table 1 ). The 2.84 -2.81 Ga overgrowths on the ca. 2.94 Ga zircon cores in the mesosome sample A404 have exceptionally low Th/U (Fig.  7b ). Due to their homogeneous or weakly zoned appearance in C� images, these overgrowths are considered to register a metamorphic event. In the other three mesosome samples neither zircon cores of 2.94 Ga nor overgrowths of 2.84 -2.81 Ga in age were observed. The 2.84 -2.81 Ga metamorphic event registered by A404 is of similar age as the emplacement ages for some of the tonalite plutons in the Archaean of eastern Finland (cf. �auri et al., 2006; Vaasjoki et al., 1999; Käpyaho et al., 2006) , which may imply that these magmatic and metamorphic events were related to the same tectonothermal event.
Homogeneous overgrowths on 2.84 -2.83 Ga cores in mesosome A79 were found to have 207 Pb/ 206 Pb ages between 2726 ± 8 Ma and 2698 ± 4 Ma. The Th/U of these overgrowths is generally low, varying from 0.01 to 0.25 (Fig. 7d) . It is worth noting that the ages of these overgrowths are similar to those of titanites and monazites reported from Archaean rocks of eastern Finland and Russian Karelia, which are usually considered to date metamorphism or cooling of the crust following magmatic events (Vaasjoki et al., 1993; Bibikova et al., 2001; Käpyaho et al., 2006; �auri et al., 2006) . Because of the scarcity of concordant U-Pb data for the leucosomes, only tentative estimates of the migmatisation ages could be made based on the individual dated samples. Furthermore, the youngest ages of individual leucosome samples A1816, A1766 and A80 scatter within 20 -30 Ma. The available data do not allow us to conclude whether all of the leucosomes studied were formed synchronously in a single prolonged tectonothermal event, or whether they represent products of separate magmatic events. All these ages, however, are within the age interval of 2.71 -2.67 Ga. Given that anatectic conditions in the crust may persist over an extended period of time (> 30 Ma; Rubatto et al., 2001) , it is most likely that the U-Pb results from the three leucosome samples are indicative of continuous partial melting during a high-grade metamorphic event, that started ca. 2.72
Ga and continued until at least to 2.67 Ga.
The majority of the youngest Neoarchaean plutonic rocks (mostly leucogranites and granodiorites) in eastern Finland and adjacent Russian Karelia have ages between ca. 2.70 and 2.68 Ga (Bibikova et al., 2003; Käpyaho et al., 2006; �auri et al., 2006) . These ages are similar to the assumed leucosome formation event. On several occasions it has been interpreted that the ca. 2.70 -2.68 Ga leucocratic granitoid rocks in eastern Finland contain a notable recycled component, with variable, often probably minor, additions of juvenile material (e.g. �uukkonen, 1988; Käpyaho et al., 2006; �auri et al., 2006) . Based on the presence of inherited zircons in the leucosomes, it is also likely that the leucosome material is at least partly derived from melting of pre-existing crustal material. This seems particularly likely for the Jamali migmatite, where the leucosome material contains an inherited zircon population with an age distribution very similar to that of the oldest zircon population in the mesosome. Although it is impossible to set undisputable age constraints for the leucosome forming event, we consider it likely that the migmatisation and the ca. 2.70 -2.68 Ga plutonism throughout eastern Finland were related to the same tectonothermal event. �ow Th/U zircon overgrowths with U-Pb ages of 2.67 -2.63 Ga have commonly been reported for granites, granodiorites and paragneisses from eastern Finland Kontinen et al., 2007) . These overgrowths have broadly similar ages to the monazites and zircons from the Varpaisjärvi area (Iisalmi block in Fig. 1 ), which were considered to register a metamorphic event Mänttäri & Hölttä, 2002) . Kontinen et al. (2007) Kontinen et al. (2007 Kontinen et al. ( ) (2007 proposed that the zircon overgrowths having ages of 2.66 -2.63 Ga are probably related to late stages of accretion or cratonisation of the crust. These ages are, however, younger than the 2.72 -2.70 Ga low Th/ U overgrowths observed in the Päivärinta mesosome (sample A79). If the leucosomes have crystallized at ca. 2.72 -2.67 Ga, as it seems, then zircon overgrowths must have formed both before and after the main magmatic event. The available age data is still too scarce to ascertain whether the period from 2.72 -2.63 Ga involved one or more tectonothermal pulses, although the latter alternative is considered likely.
Migmatite protolith ages, and their implications for the tectonic evolution of the western part of the Karelian craton
According to the summary by Van Kranendonk (2004) , it is impossible to generalise as to whether or not Archaean greenstone belts are autochthonous or allochthonous in their present tectonic positions. This classical problem is also relevant in the case of the Kuhmo greenstone belt, for which various tecton- (Table 1 ). Data sources: 1) Mänttäri & Hölttä (2002) , data > 3 % discordant and older than 3 Ga ignored; 2) Käpyaho et al. (2006) ic scenarios have been proposed (see Chapter 1). The U-Pb data presented in this study may give some constraints for the modelling of the origin of the Kuhmo greenstone belt. In the case of an intracontinental rift model, an older basement for the volcanism of the greenstone belt would be expected. �uukko-nen (1992) suggested that such basement would be represented by the banded amphibolites within the migmatite complexes. Their age was considered older than the conventional U-Pb age of 2843 ± 18 Ma obtained for the �ylyvaara migmatite mesosome (sample A404), as this age was considered to represent the age of metamorphism (�uukkonen, 1985) . The SIMS data presented in this study confirm that the zircons in A404 do indeed have older cores (Figs. 4, 6a and 9) , with a calculated concordia age of 2942±6 Ma for the oldest grains. This age is broadly coeval or slightly younger with the oldest reported volcanic rocks (ca. 2.95 -3.0 Ga; �uukkonen et al., 2002) within the northernmost part of the belt (i.e. Suomussalmi in Figs. 1 and 10) . Therefore, the �ylyvaara-type migmatite mesosomes may have provided a depositional basement for the ca. 2.8 Ga volcanic rocks, but not for the apparently oldest (> 2.95 Ga) volcanic rocks of the Kuhmo-Suomussalmi greenstone belt.
The protolith ages of the three other mesosomes (A1815, A1765, and A79) are younger than the A404. In sample A79, most of the zircons have ages of ca. 2.83 -2.84 Ga, whereas most of the zircons in samples A1815 and A1765 are as much as 30 -40 Ma younger (Fig. 9) . Consequently, the mesosomes seem to have different U-Pb ages, confirming that the migmatites of the gneiss complexes in eastern Finland are heterogeneous in terms of their protolith ages. The migmatite protoliths appear to derive from rocks that were formed contemporaneously with most of the dated mafic and felsic volcanic rocks within the Kuhmo greenstone belt (Fig. 9 ). This could mean that some of the migmatite complexes surrounding the greenstone belt may in fact consist of igneous and/or sedimentary material correlative with those in the greenstone belt.
Genetic models for the evolution of the Archaean crust in the eastern Finland have recently favoured the concept of Archaean orogenesis culminating in continent-continent collisional and accretionary process (Kontinen & Paavola, 2006) . Kontinen & Paavola (op.cit.) proposed that this collisional event took place at ca. 2.7 Ga, when the Pudasjärvi-Iisalmi and Kuhmo-Ilomantsi blocks were amalgamated (Figs. 1 and 10) . Earlier, Hölttä (1997) and Mänttäri & Hölttä (2002) proposed that the Rautavaara terrane with < 2.80 Ga protolith ages from migmatites and gneisses was accreted to the 3.2 Ga Iisalmi terrane (Fig. 10) . The possible continuation of the Iisalmi terrane to north and south are not presently known, but the presence of the ca. 3.5 Ga Siurua gneisses demonstrates that Mesoarchaean to Palaeoarchaean crust is at least locally present north of the Iisalmi terrane, in the Pudasjärvi block (Mutanen & Huhma, 2003) . Cordierite-orthoamphibole rocks containing zircons that have U-Pb ages < 2.80 Ga are present in the Rautavaara terrane (Figs. 1 and 10 ), but seems to lack from the Kuhmo region. Taking the available data together, mesosomes of migmatites from Kuhmo region (including the Nurmes belt; cf. Kontinen et al., 2007) seem to be younger than those observed from Iisalmi terrane (cf. Mänttäri & Hölt-tä) . On the basis of these lithological and age differences, it could be that the Kuhmo district and the Iisalmi terrane indeed have had independent tectonic histories prior to a major shared metamorphic and migmatisation event. The data presented in this paper are thus consistent with the previous hypothesis that the Archaean crust in Karelia was formed by accretion of crustal blocks (e.g., Hölttä, 1997; Mänttäri & Hölttä, 2002; Kontinen & Paavola, 2006) . However, confirmation of this paradigm needs more age determinations.
Conclusions
The U-Pb data on four migmatite leucosome-mesosome pairs from eastern Finland enable us to make the following conclusions: 1) Migmatite mesosomes yielded 2.94 Ga and 2.84 -2.79 Ga protolith ages. The 2.94 Ga protolith ages were recorded from only one sample taken from the eastern side of the Kuhmo greenstone belt. UPb analyses on zircons from two separate mesosome samples revealed two metamorphic periods with ages of 2.84 -2.81 Ga and 2.73 -2.70 Ga. These zircon overgrowths have mostly low Th/U. The latter event is interpreted to correspond to the initial stages of the high-grade metamorphic event. Based on the U-Pb analyses on zircons from leucosomes, no single event for the migmatisation could be defined. The youngest zircons from three leucosome samples have ages between 2.72 Ga and 2.67 Ga, and this age range is attributed to continuous partial melting i.e. leucosome formation, over tens of millions of years.
2) U-Pb data indicate that the mesosomes have different formation ages, which broadly correspond to U-Pb ages obtained for volcanic rocks from the adjacent Kuhmo greenstone belt. This is considered to indicate that some of the migmatite mesosomes could represent igneous materials correlative with those from the Kuhmo greenstone belt.
